In recent years, the coffee has undergone major changes, and in case of transplanting operation, the use of machinery has proved to be a viable alternative to producers. Prior knowledge of the influence of the variables that influence the operational capability of these machines can generate models to estimate precisely these parameters, thus enabling the optimization and management of mechanized operations. One of this tool is the use of the response surface methodology, which allows checking the influence of different independent variables and the response generated to allow a great value. This study aims to verify the use of the response surface method to determine parameters of mechanized operations in coffee plant implantation. The results show that the number of seedlings deposited increases with the increase in operating speed. In contrast, the adoption of higher speeds decreases the efficiency of the evaluated field operations. The response surface methodology was an important tool to check the effect of variables on performance parameters, and the generated models showed high significance allowing the identification of the effects of the operational speed and the average length of the cultivation line.
INTRODUCTION
The early planning in the implementation of a coffee plantations or any other culture has an important meaning and can guarantee the success of the activity. In this way, the mechanized transplanting operation was only feasible with the introduction of transplanting machines, allowing reductions in operating costs of up to 19% compared to the manual system .
The coffee trees formed through the mechanized transplanting, associated to the uniformity in the positioning of the plants, act as an important factor for the production of the crop, influencing the quality and the productivity of the grains, as well as the cultural treatments and the mechanized harvest (Silva et al., 2014) .
In the implantation of new crops, the use of conservation systems of soil preparation has improved the conditions for the crop development. Basically, in this type of system, the soil preparation is restricted to furrowing operations. Thus, after the furrow is opened, the fertilizer distribution and the incorporation into the soil through the pit beaters are carried out.
The mechanized planting or transplanting processes present very limited and/or old literature. In the case of crops such as sugarcane, vegetables and forest species, some studies have already been developed, except for coffee, in which studies are scarce.
One of the ways to understand the behavior of the mechanized set and the interaction of variables that affect its operational performance is the use of surface response models (SRM). According to Myers et al. (2009) , the surface response methodology (SRM) is a collection of mathematical and statistical techniques that are used to model and analyze problems, in which the response of interest is influenced by many variables. The generated response must reach an optimal value and the form of relation between the response variable and the independent variables is unknown.
The surface models are often used in the substitution of complex models, in order to obtain a correlation between the experimental data, allowing to model more than one factor simultaneously and to test the interaction of the factors involved in the process, reducing the optimization problems, identifying optimal regions (Colaço et al., 2008) .
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In general, the response surface methodology is widely used in different segments of the agrarian sciences, being little used for the study of performance parameters in mechanized operations. Based on the exposed, this study aims to verify the use of the response surface method to determine parameters of mechanized operations in the implantation of coffee crop.
MATERIAL AND METHODS
The experiment was conducted at the Conquista Farm belonging to the Ipanema Coffees' group, located in the municipality of Alfenas, Minas Gerais, in the 2013 and 2014 harvests, in soil predominantly classified as Red Distrophic Latosol. The data were collected in areas suitable for mechanization according to Silva & Carvalho (2011) , with fairly flat relief and slopes of up to 15%, totaling thirty-five plots that served as a basis for modeling.
As a data base for the accomplishment of this study, we used the performance parameters of mechanized operations of the furrow preparation and transplantation of the coffee seedling. According to Figure 1a , in the furrow preparation, the Massey Ferguson tractor with 4x2 auxiliary front wheel drive (FWD), engine power of 55.0 kW (75 hp) at 2.000 rpm, was used in the 1R gear, obtaining average speed of 1.2 km h -1 , which allowed to draw and to drive through the power take-off a pit beater from the Bertanha brand, with actuation width of 1.5 m, so that the prepared furrows were realized in parallel in 3.8 m, the desired planting spacing.
The transplanting operation was carried out inside the prepared furrows (Figure 1b) , through a semimechanized platform, with capacity for 12 seedlings boxes, where the machine performs the furrow opening, and based on the rotation of the odometer wheel the seedling deposition, the subsequent furrow closure and soil compaction are carried out manually. As a source of power, the Massey Ferguson tractor, with 4x2 auxiliary front wheel drive (FWD), 55.0 kW (75 hp) engine power, was used at 1.500 rpm, operating in 2R gear, obtaining an average theoretical speed of 1.8 km h -1 . In both mechanized operations, the slipping indices were within acceptable limits of up to 15% (Bowers, 1978) . A Global Positioning System (GPS) receiver was used to obtain the total area of each plot, the lengths between the rows of the fields, the route and the operational speed of the machines. The data were collected and stored at a frequency of one data to each five seconds. Based on the data obtained by the receiver, the databases were generated and later stored and analyzed by the CR 7 Campeiro ® software, which allowed the subsequent achievement of performance parameters.
With all of this data, the performance parameters were calculated using an electronic spreadsheet. For the determination of the theoretical field capacity (TFc), the equation described by Vale et al. (2008) was used, which expresses the maximum work capacity demonstrated by the machine.
However, in the determination of effective field capacity (EFc), a parameter that expresses the capacity effectively demonstrated by the machine in the field, the equation proposed by Simões & Silva (2012) was used. In the case of the transplanting operation to determine the working capacity, the same equation was used, adapted for coffee cultivation, which allowed to express the machine's working capacity in number of plants per unit of time, according to [eq. (1)]. Engenharia Agrícola, Jaboticabal, v.38, n.6, p.910-917, nov./dec. 2018
Thus, the field efficiency (FE) was obtained by the ratio between the effective field capacities and the theoretical working capacity of the mechanized sets. In relation to the time demanded (Td), it expresses the time required to perform the operation in a given area, being determined according to the equation proposed by Brandão et al. (2013) . In the case of the transplanting operation, the time demanded was obtained by the ratio of the theoretical stand to the desired spacing (3.8 x 0.7 m), totaling 3,760 plants per hectare, and the effective field capacity (EFc).
Based on the data obtained from each performance parameter in the mechanized operations studied, was chosen the model that best represented the characteristics of the variables under study, that is, operational speed, slope of the areas and average length of coffee rows.
The data used to generate the models were submitted to a previous analysis, verifying the presence of discrepant data, testing the homogeneity of variances and normality using the Shapiro-Wilk test at 5% significance level. To determine the interaction of the analyzed factors, the Pearson correlation test was performed at 5% of significance, and it was later modeled using the response surface methodology (RSM).
The response surface methodology is a sequential procedure, in which most experiments begin with analyze of the linear models to verify the interaction of the factors. Thus, the generic models proposed for the variables responses to effective field capacity, field efficiency and time demanded are described in eqs (2) and (3). The proposed models were generated by the STATISTICA 7.0 ® statistical program, and the regression study was carried out with first-level models using the adjustment procedure of non-linear models, with a 5% significance level. After obtaining the proposed models, the estimators were determined, which allowed to verify the accuracy, precision and bias of each model generated.
The coefficient of determination (R 2 ) quantifies the quality of the adjustment, since it provides a measure of the variation proportion explained by the regression equation in relation to the total variation of the answers, varying from 0 to 100%. Regarding the relative average error (p), it indicates the adjustment of the proposed model. In this study, the relative error was obtained according to [eq. (4) ]. 
RESULTS AND DISCUSSION
There was a significant correlation for the interaction of the cultivation line length and the operational speed, according to Table 1 , where these parameters directly influence the performance of agricultural machines and their working capacity (Cunha et al., 2016) . According to Figueiredo Filho & Silva Junior (2009) , the correlations obtained for the effective field capacity and time demanded were considered very strong, with values above p = 0.8, when related to the operational speed factor, while presenting weak and moderate correlations for the average length of the cultivation line.
In the specific case of field efficiency, the behavior of the variables was different, that is, presented a moderate positive correlation, with values between p = 0.4 and 0.6, for both operations for the length of the cultivation line and negative for the operating speed. Such behavior was already predicted since the field efficiency of the mechanized systems is related to times wasted in the process.
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The relative error (p) of the models presented satisfactory values where, according to Mohapatra & Rao (2005) , values lower than 10% are recommended for the selection of models, for all performance parameters evaluated. According to Kashani-Nejad et al. (2007) , the values of p indicate the deviation of the values observed in relation to the curve estimated by the model and, therefore, there is no limitation of the use of the surfaces generated by the models proposed in this study.
Analyzing the effective field capacity (Figure 2) , it is verified that the operational speed of the mechanized set is the one that most influences this parameter, a fact corroborated by the higher correlation obtained in the study. According to Ramos et al. (2012) , the speed scaling, the relation between the working speed and the engine rotation allows a better adaptation of the tractor with the effort requested by the implement to carry out a certain work.
Engenharia Agrícola, Jaboticabal, v.38, n.6, p.910-917, nov./dec. 2018 By using a pit beater in the soil preparation, the comparison of the data obtained in this study with the literature, it is necessary with similar machines used in other studies. According to Mandal et al. (2015) , the use of rotating soil preparation machines has been gaining space due to the high efficiencies obtained and simpler structures. Silva et al. (2014) verified operational speeds varying between 1.5 and 2.2 km h -1 in the reduced soil preparation operation, values similar to those obtained in this study. Jakasiana et al. (2017) , when evaluating the performance of a rotating grid in soil preparation in fallow or previously cultivated areas, verified average operating field capacities of 0.23 ha h -1 and values of up to 82.1% for field efficiency.
Carvalho Filho et al. (2007) , using a rotary hoe machine with active organs similar to the equipment used in this study, add to the fact that the machine operating speed directly influences the greater disaggregation and greater soil pumping. These characteristics of preparation favor a greater area of exploration of the root system and, consequently, better development of the plants to be transplanted, mainly in more demanding crops (Sichocki et al., 2013) . Figure 2 , the field efficiency decreases as the operating speed increases. This fact is expected, since, it is a performance parameter much more related to the necessary time of the set to carry out maneuvers and the time in operation. According to Cunha et al. (2016) , plots with larger row lengths allow greater efficiencies due to the smaller proportion of wasted time with maneuvers in the total operation time. However, in Figure 2 , it can also be observed that with row lengths from 250 m, the efficiency varies minimally, tending to stabilize.
According to
In relation to the semi-mechanized transplanting operation, it is observed in Figure 3 that the response surface for the field efficiency in the transplanting operation presents the same behavior as for the furrow preparation operation, where lower speeds combined with greater row lengths allow higher values to be obtained.
The field efficiency can present great variation due to the fact that in the transplanting operation it is necessary to wait the mechanized set for the positioning of the support staff responsible for the manual transfer and verification of the process quality, which allows the identification of fallen seedlings, resulting in longer maneuvering times.
The time demanded for the transplanting operation is directly related to the working capacity of the set, that is, the number of plants deposited in the area. The data obtained in this study varied up to 7.5 hours for the time spent to transplant one hectare of coffee seedling, and as the operational speed of the set increases, the time demanded in the operation decreases. The result is within the expected since Cunha et al. (2015) , analyzing different transplanting systems, found that with the equipment used in this study, an average of 3.5 hours of operation was spent to produce one hectare. The effective field capacity of the set increased according to the combined increase of the operating speed and the length of the planting line. Few studies on the process of semi-mechanized transplanting of coffee were carried out, being necessary the comparison with machines used in the transplanting of other crops and working in the same speed range, thus allowing a better understanding of the process. Genaidy (2008) , evaluating the operational capacity and productivity of a cotton transplanter, found that higher operating speeds reduced the overall field efficiency. Regarding the effective field capacity of the set, there was an increase of up to 68% when the speed increase occurred from 0.5 to 1.5 km h -1 , speeds reached in this study. According to Cunha et al. (2016) , the speeds obtained in this study were among those considered ideal for the operation, allowing to say that possible variations in speed were obtained in function of soil conditions, the area slope, and machine ballasting. In contrast, it should be noted that high speeds may allow the reduction of the system efficiency, since, the distribution of plants is closely related to the speed of the set increasing the spacing as it increases (Cortez et al., 2006) . Engenharia Agrícola, Jaboticabal, v.38, n.6, p.910-917, nov./dec. 2018
Another problem related to speed increase is the deposition capacity of the seedlings in the soil due to the time required for the auxiliary planting to have sufficient time to deposit the seedlings in the machine deposition mechanism (Silva et al. 2014) .
Based on the above, data about coffee transplanting are still poorly studied. Thus, for comparison in the case of transplanting of the industrial tomato, Machado et al. (2015) , evaluating three different speeds of operation, concluded that the different speeds followed by passthrough modified the final stands in the studied processes, and the 1.83 km h -1 speed was more favorable with respect to the transplanted seedling stand and the 1.56 km h -1 speed, despite presenting a smaller number of plants ha -1 showed tendencies for a better distribution uniformity. Abidine et al. (2004) and Zamani (2014) mention that in addition to problems in the distribution of seedlings, the increase in operational speed can cause physical damage to the seedlings, thus reducing their viability. The increase in speed also modifies the depth and angle of the seedling deposition due to the limitations of the seedling deposition mechanisms of the transplanters evaluated.
According to Prasanna & Raheman (2012) , several studies are being carried out to ensure maximum operational efficiency of transplanting machines and improvements in deposition capacity with automated systems. Concomitant to these improvements, the use of surface response techniques to identify the influence of factors related to machine performance and the generation of optimum operating points may allow the obtainment of a greater technical feasibility of mechanized systems in the transplantation of coffee seedlings.
CONCLUSIONS

1.
The response surface methodology was an important tool to observe the effect of the independent variables and their interaction allowing to verify the significant influence of the operational speed on the increase of the number of deposited plants and on the performance parameters of the mechanized sets.
2.
The generated models presented high significance and allowed to identify satisfactorily the effects of the operational speed and length of the cultivation line, making possible the optimization in the use of the mechanized systems studied.
